The chromogranins A and B (CgA and CgB, respectively), originally detected in the adrenal medulla, are present in various endocrine organs. Remarkably, their immunoreactivities vary among different endocrine cell types and also within a given endocrine cell population. With densitometric techniques at the cellular level, individual gastrin cells (n = 318) from guinea pig antral mucosa were studied to measure their content of immunoreactive CgA, CgB, and gastrin. The composition of these secretory proteins in individual gastrin cells varied considerably but with predictable components. Statistical evaluation of the data showed that immunoreactivities for gastrin and CgA correlated negatively in these cells; CgA and CgB immunoreactivities also correlated inversely. On the other hand, immunoreactivities for gastrin and CgB exhibited a high positive correlation. The mutual relationships between gastrin, CgA, and CgB suggest that under physiological conditions biosynthetic pathways of these secretory constituents are linked to each other in individual gastrin cells.
The chromogranins (Cgs) consist of, at least, three acidic glycoproteins-Cg A (CgA), Cg B (CgB), and secretogranin II (l)-colocalized with secretory peptides or amines in secretory granules of neuroendocrine cells (2) . In chromaffin cells, these proteins are probably involved in organizing the granule matrix (3) and in "sorting" peptides into the regulated secretory pathway (4) (5) (6) . Moreover, the Cgs may serve as prohormones for bioactive peptides (7, 8) .
Regulation of the biosynthesis of these secretory proteins has been studied under various experimental conditions (9-12) but has not been fully elucidated in cells under physiological conditions. Moreover, despite a common fate of the Cgs and resident peptide hormones or neuropeptide precursors demonstrated by bio-and immunochemical techniques in cell cultures (9, 13, 14) , the interrelationships between the various secretory constituents remain largely unknown in individual endocrine cells under in situ conditions. Recent investigations have shown that the immunoreactivities for the Cgs vary not only among endocrine organs (9-11) but also among different endocrine cell types (15) (16) (17) (18) . Finally, even within a given endocrine cell population cellto-cell differences of immunoreactivities for the Cgs and for the peptide hormone have been demonstrated (15) (16) (17) (18) (19) .
We used the guinea pig gastrin cell (G-cell) population to investigate the intercellular variations of immunoreactivities for gastrin, CgA, and CgB and their quantitative interrelations in individual G-cells by densitometric immunohistochemistry and statistical analysis.
We report here that significant relationships exist between gastrin, CgA, and CgB, indicating that the biosynthesis and/or storage of these secretory constituents are linked together in individual cells.
MATERIALS AND METHODS
Tissue and Tissue Preparation. Small specimens of the gastric antral mucosa of guinea pigs (n = 8; food and water ad libitum) were snap-frozen in Freon 22 pre-cooled with liquid nitrogen, freeze-dried, fixed by vapor-phase paraformaldehyde (20) , and embedded in epoxy resin (Araldite).
Serial Section Techniques. Serial semi-thin sections of the embedded antral mucosa were cut at 0.5 .&m and mounted individually on microscope slides. Because '20-40 consecutive sections pass through the same G-cells (21) , individual cells could be either serially immunostained (see below) by the same antiserum or alternatively immunostained by different antisera. Antisera for Immunohistochemistry. Antisera used in this study have been generated in rabbits. These antisera have been characterized and used in previous investigations (Table  1 ; sources, specificities, and working dilutions of the antisera are listed); the antisera against the Cgs and gastrin have also been applied to guinea pig tissues by using immunochemical or immunohistochemical methods (16-18, 26, 27) .
Immunohistochemical Protocol. After removal of the epoxy resin by sodium methoxide (31), serial semi-thin (0.5 j.m) sections were immunostained by the peroxidase-antiperoxidase technique (32) , which was modified and standardized for plastic sections (21) . The antisera (Table 1) (21, 32) : (i) method-dependent nonspecificities were excluded by running the following controls: omission of single steps in the immunohistochemical protocol; use of ascending dilutions of the first antiserum; addition of polylysine (Mr 3800; 2 mg/ml) to the first antiserum; use of high-molar (0.5 M) phosphate-buffered saline as rinsing solution between the various steps of the immunohistochemical protocol; (ii) the antibody specificities were tested by preadsorption of all antisera with homologous and heterologous antigens (see below) in concentrations of 6.25 gg-100 pug/ml of antiserum (working dilution). Preadsorption of antiserum with correAbbreviations: G-cell, gastrin cell; Cg, chromogranin; CgA and CgB, chromogranin A and chromogranin B, respectively. *To whom reprint requests should be addressed.
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The publication costs of this article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U.S.C. §1734 solely to indicate this fact. sponding antigens at concentrations as low as 6.25 ,ug/ml completely blocked the immunostaining. Preadsorption of the antiserum with heterologous antigens at concentrations up to 100 ,ug/ml had no effect on immunostaining, except for the preadsorption of the gastrin antiserum B 1002 with various gastrin derivatives (see Table 1 ). Antigens. Cgs (purified from adrenal medullary extracts) were provided by M. Gratzl (Ulm, Federal Republic of Germany). Human, bovine, and porcine pancreastatins were from Peninsula Laboratories (7332, 7335, 7158). Big gastrin I, gastrin I, mini-gastrin I, gastrin II (sulfated) were from Sigma (G7264, G3131, G6261, G1260).
Quantitative Immunohistochemistry. Intensities of diaminobenzidine precipitates in individual G-cells were measured by computer-assisted analyses (19) and expressed as ODs. For these determinations, basic prerequisites were considered (19, 21, 32, 33) . To avoid batch-to-batch differences, the sections to be quantified were processed in parallel during the immunohistochemical procedure.
Densitometric Measurement. Densitometric measurements were done with the interactive image analysis system (IBAS) (Zeiss-Kontron) equipped with a photo-microscope II (Zeiss) and a video camera CCD/89D (Sony). In cooperation with Zeiss-Kontron, we developed a measuring program (macro DENS.BAR) to quantify immunoreactions in semi-thin sections. Before we measured the densities of immunoreactions, the system was calibrated by adjusting the amount of light transmitted through the section (detected by the system scanner) to a constant gray value of 170 [gray value range was 0 (black)-255 (white)]. In addition, minimal nonuniformities in the photometric response of the system were computed in the image analyzer by shading correction algorithms. Because the unstained tissue section exhibits a low noise signal and because different antisera produce different background stainings (although these values were very low in this study), background images (areas in the section lacking immunoreactive cells) were first entered into the system and computed to level the measuring system. For subsequent measurements on immunoreactive cells, the OD of the background image was subtracted and, thus, only the density of the immunoreactive material was measured. In each section, G-cells to be analyzed were entered into the system at a final magnification of 1:1600. Each G-cell was measured separately by outlining only the immunoreactive areas with a light pen (boundary setting), which were processed by a multiple-step measuring program. The mean ODs of immunoreactive areas of each G-cell were computed automatically.
Analysis of Immunoreactivities and Statistics. Serial sections were alternatively immunostained for gastrin, CgA, and CgB (Fig. 1) . Only those cells were considered that simultaneously exhibited immunoreactivities for all three secretory constituents. The ODs of immunoreactions for gastrin, CgA, and CgB in the same G-cells (n = 318) were each measured; their interrelationships were analyzed by determining the Pearson correlation coefficient (34) . The software spss/pc+ was used for statistical evaluation. RESULTS G-cells were identified by the gastrin antiserum. On serial sections, the same cells were also immunostained by the antiserum against CgA (Europium) and CgB, indicating that in G-cells both Cgs coexist with the peptide hormone gastrin. Each of these immunoreactivities showed pronounced intercellular variations within the G-cell population (17, 18)-i.e., their densities of immunoreactivities ranged from faint to dense between different G-cells in a given section (see Figs.  1 and 3 ). These variations in immunoreactivities were independent of the cutting level through the cells because in serial sections immunostained for either gastrin, CgA, or CgB (each n = 100) the staining intensities from the three antisera did not change in a given G-cell. Of note, variations of the immunoreactive area in a serially sectioned cell were considered by evaluating the mean OD.
The quantification of gastrin, CgA, and CgB immunoreactivities in the G-cell population (n = 318 cells) revealed that each G-cell has its own density pattern of immunoreactivities for gastrin, CgA, and CgB ( Figs. 1 and 2) . The Gastrin/CgB +0.656** For mean values n = 318. *, P < 0.02, **, P < 0.0001.
DISCUSSION
Confirming previous findings our study showed that gastrin, CgA, and CgB immunoreactivities colocalized in identical G-cells (17, 18, 27) ; typically, these immunoreactivities varied markedly within the G-cell population. Basically, two reasons may explain the intercellular variations of immunoreactivities in a given tissue section: (i) existence of molec- ular variants (precursor forms and breakdown products) of gastrin, CgA, and CgB that crossreact differently with the corresponding antiserum; (ii) intercellular differences in the amount of gastrin, CgA, and CgB.
Various molecular forms of the Cgs and of gastrin exist as products of enzymatic processing (8, 10, (28) (29) (30) (35) (36) (37) , which basically may contribute to the intercellular variations of gastrin, CgA, and CgB immunoreactivities in G-cells. As summarized in Table 1 , the antisera against gastrin and CgB recognize various molecular variants; they are quasi pangastrin or pan-CgB antisera covering the presence of various gastrin-and CgB-related peptides in G-cells. Despite pancharacteristics of these antisera numerous G-cells strongly immunoreactive for CgA consistently showed faint or moderate immunoreactivities for gastrin and CgB. Likewise, numerous G-cells strongly immunoreactive for gastrin and CgB were faintly immunostained by the Europium antiserum, the second CgA antiserum (H. Winkler) , and the pancreastatin antiserum, even though the latter antisera recognize various peptides of the CgA protein family (see Table 1 ). Thus, although various molecular forms of gastrin, CgA, and
CgB may be present in G-cells, the existence of such protein/ peptide variants obviously does not contribute decisively to the pronounced intercellular density variations of gastrin, CgA, and CgB immunoreactivities in individual G-cells.
There is now increased evidence that the densities of immunoreactivities reflect the actual amount of the corresponding antigens in a given tissue section (19, 32) . As a consequence, the intercellular differences of immunoreactivities ascertained are related to differences in the relative amounts of gastrin, CgA, and CgB among G-cells. With respect to the remarkable correlations ofimmunoreactivities, it is obvious that under in situ conditions the storage of gastrin, CgA, and CgB in G-cells is regulated in a sophisticated way (38) Moreover, the conclusions to be drawn from available in vitro studies on Cg biosynthesis depend largely on the properties of the secretagogues (12, 23) , the type of cultured cells (13, 14, 40, 42) , or the duration ofculture time ofa given cell culture (12, 43) .
Measurements of cellular products in culture medium or in organ extracts disregard the individuality of endocrine cells and overlook putative mutual relationships between the secretory constituents on the cellular level. The intercellular variable composition of immunoreactivities as verified here underlines the individuality of endocrine cells. Our technique of using densitometric immunohistochemistry on semi-thin (0.5 ,um) sections therefore yields significant information on G-cell composition of the Cgs and gastrin and on their interrelations in individual G-cells in situ-information beyond reach with biochemical and immunochemical techniques alone. We assume these strong interrelationships between CgA, CgB, and the peptide hormone gastrin, interpreted as a special type of intracellular coordination, are related to the putative functions of the Cgs in individual endocrine cells-i.e., cell-specific packaging and sorting of hormones (kastrin) to the regulated secretory pathway (4-6), cell-specific regulation of posttranslational proteolysis of hormone precursors (44) , or cell-specific synthesis and secretion control by autocrine means (24, (45) (46) (47) (48) .
